Species of Narcissus (family Amaryllidaceae) are a potential source for large-scale extraction of alkaloids and fragrances. The bulbs typically accumulate a large number of alkaloids, including galantamine, a benzazepine alkaloid proven to be a cholinesterase inhibitor and which is used in the treatment of Alzheimer's disease. The presence of galantamine in N. poeticus L. collected in Abruzzo (Italy) was assessed and several levels of alkaloid were found in all parts of the plant (flower, stem, bulb and root) and not only in the bulb. The amount of galantamine obtained was tested by using two different extraction solvents. Extraction of N. poeticus absolute from the flowers was also performed, as this product is an important floral note in perfumery, and the distribution of allergenic compounds in the coronas and in the tepals was assessed. Moreover, the in vitro propagation of N. poeticus was tested as it may be a valuable resource from which to produce biomolecules, as an alternative to chemical synthetic processes.
Narcissus poeticus L. is a wild monocotyledonous plant belonging to the Amaryllidaceae family. It is a native plant of the Mediterranean basin, widespread in the alpine areas of southern Europe, in Spain and Italy; it grows mainly at medium-altitude and on high mountains, in cool, moist and semi-shaded habitats [1] . It is a wild, bulbous, herbaceous plant, from 20 to 30 cm high; the leaves are radical, green, long and narrow (Figure 1a ). Geophyta is the plant life form of the Narcissus genus; the storage organ contains reserves of carbohydrates and water and helps the plant to survive adverse environmental conditions such as cold or drought. It blooms in April-May, presenting an extremely fragrant flower per stem, characterized by a corona and a perianth tube which is pure white with six tepals fused at the base onto a green floral tube (5 mm diameter and 3 cm long). The corona (1.3 cm in diameter and 2-4 mm long) is light yellow, with a distinct reddish edge as shown in Figure 1b . Geophytes have economic value due to their use as a drug and as a fragrance for the perfume industry [2, 3] . In recent years, the absolute fragrance obtained from flowers has been widely used in sophisticated modern perfumes due to its strong, green, woody and deep floral scent, which blends well with many of the floral absolutes, including clove bud carnation, jasmine, neroli, ylang ylang, and mimosa, as well as Karo-karounde. Ferri and co-workers have characterized the essential oil of N. poeticus flowers, which contained a great variety of components [4] . However, many of these are allergenic, as stated by Directive N. poeticus is also a valuable source of galantamine [6, 7] a tertiary alkaloid, which is one of the therapeutic agents for the symptomatic treatment of Alzheimer's disease, the fourth leading cause of death in developed countries. Recent studies [8, 9] supported the cholinergic hypothesis which postulates that memory impairment in patients with Alzheimer's disease results from a deficit of the cholinergic function in the brain. As a lipophilic molecule able to go through the blood-brain barrier (BBB), the action of galantamine is to restore the level of acetylcholine by inhibiting the action of acetylcholinesterase enzymes [10] .
Commercial drugs contain galanthamine bromohydrate as the active molecule, which is obtained by chemical synthesis through an expensive and complex process. The high costs and the growing demand for galantamine have driven scientists to obtain the active ingredient from plant matrices. Moreover, plant extracts often have a more effective and durable pharmacological action than monotherapies, as they contain different active substances that may have a synergistic action.
Previous work on the in vivo and in vitro propagation of plants containing compounds of particular interest both from Central Apennines (Italy) [11, 12] and other sites [13] , allowed us to gain knowledge about widely tested technologies. On these premises, in order to exploit the industrial potentialities of N. poeticus from Sirente-Velino (Abruzzo region, Italy), the aims of this investigation were: 1) to verify the presence and the amount of allergenic substances in the tepals and corona of the flowers; 2) to investigate the accumulation of galantamine in the different organs of plants; 3) to determine the galantamine content in the bulbs obtained by in vitro culture of N. poeticus.
Total yield and percentage of absolute of n-hexane extraction confirm our preview data [4] . The total yield (concrete) was found to be 0.45% of the weight of fresh flowers, that is higher than the values reported in the literature (0.20 and 0.26%) [1, 4] . The percentage of absolute in the n-hexane extract was 30.5% of the weight of the concrete, in agreement with the literature [14] . The distribution of allergenic compounds in the tepals and corona are shown in Table 1 . Highly allergenic substances, such as cinnamyl alcohol, which is the most abundant compound (30.2 g/g), and cinnamyl aldehyde, are found only in the tepals. Less allergenic substances, such as benzyl benzoate and limonene, are mainly contained in the tepals (70 and 75% respectively), while 70% of isoeugenol, another highly allergenic compound, and 75% of eugenol, a less allergenic substance, are contained in the coronas. The tepals showed a greater amount (total mean value 40 g/g) of more allergenic compounds compared with the corona (total mean value 15 g/g). These data are also confirmed for the less allergic components (25 g/g detected in tepals and 12 g/g in corona). As the extraction of absolute from tepals and coronas separately shows that the allergenic substances are mostly found in tepals, thus in the preparation of perfumes a safer absolute can be obtained from the corona only. This is due to the fact that despite preserving its distinctive fragrance it contains a lower quantity of allergenic components. Figure 2 shows the trend of galantamine in roots, bulbs, stems and leaves, and flowers in three phenological stages over four consecutive years. The means show that all parts of the plant contain galantamine, although the greatest amount was found in the underground organs. However, our experimental data showed an accumulation of the alkaloid in stems, leaves and flowers. At blooming stage the galantamine content was highest in both the bulbs and roots (respectively 12 mg /100 g dry weight and 13 mg / 100 g dry weight). The aerial parts, including flowers, stem and leaves (unique value), contain about 9 mg / 100 g dry weight; thus the amount of galantamine in the plant was about 34 mg / 100 g dry weight.
The highest content of galantamine was found in the bulb and root. Table 2 shows the differences observed in the various years at blooming time [15] .
The data show slight differences for 2012, 2013 and 2014. In 2015 the lowest contents of alkaloid in both the underground organs might be due to a sudden rise in temperatures with subsequent drought during the spring (2015 was registered as the warmest year of the last 100 years; http://www.noaa.gov/). A further galantamine extraction both with methanol and ethanol was carried out on one additional sample in order to verify the use of a less-toxic solvent. Bulbs, roots, flowers, stems and leaves, before, during and after blooming were gathered and processed according to the procedures described in the Experimental section: Galantamine extraction. Figure 3 shows the differences in the efficiency of extraction when ethanol and methanol were used. The distribution of values are plotted separately per group of cases (30) defined by values of categorical (grouping) variables (bulbs, flowers, roots, stems and leaves together). During pre-and post-blooming the content of galantamine extracted from the various organs of the plant was similar using either EtOH or MeOH (in the first case a greater variability among samples was detected). In the blooming stage, when the concentration of alkaloid is greater, the use of MeOH provides the best results in terms of increased efficiency of extraction from the different tissues of the plant, in particular from its roots. From the results of the statistical tests (Supplementary Data: 1-3) we can conclude that the differences between the two samples are statistically significant (p<0.00005). Although the yield obtained by ethanol is good, methanol is a more efficient solvent to extract galantamine from N. poeticus.
Primary sterile explants of bulbs of N. poeticus were obtained in a medium contained benzylaminopurine (BAP), and naphthalene acetic acid (NAA). Such tests were carried out in order to grow parts of plants in vitro (Figure 4 
Figure 4:
In vitro propagation of Narcissus poeticus a) Shoots produced during the multiplication stage. b) Rooted bulblet exhibiting three leaves. c) Plants obtained from in vitro propagation transplanted to soil 2.5 mg ± 0.9 / 100 g dry weight, five times less than the amount obtained from wild bulbs. This preliminary result encourages us to continue the development of in vitro culture of N. poeticus bulbs. The organs, including bulbs, microtubers, corms, somatic embryos and shoots are perfect for mass propagation by using bioreactor techniques for large-scale propagation of geophytes, as described for Gladiolus, Narcissus and Crocus [16] .
In conclusion, we have demonstrated that all parts of N. poeticus contain galantamine, confirming the presence in the species of this important alkaloid. The highest amounts are found in the underground organs (roots and bulbs). The accumulation of alkaloid is also documented in in vitro conditions opening new perspectives to biotechnological applications (i.e. bioreactors for mass propagation of adventitious roots), with the advantages to reduce time and costs. Moreover, with the goal to enhance the exploitation of the species for the local economy, the biochemical characterization of the different parts of the flowers pave the way towards a target product for the perfume industry. In summary, N. poeticus offers potential opportunities to increase the economy of local mountain communities to the development of marginal areas. 
Plant materials:
Wild plants of Narcissus poeticus were collected before blooming, during blooming and after blooming in a 300 sq m area of the plateau of Rocca di Mezzo-Sirente Velino Regional Park (L'Aquila, Italy), located at 13°31'35.9''E-42°13'16.3''N-1327 m asl, in 2012, 2013, 2014 and 2015. About 30 plants at each plant stage were collected in April, May and July. Plants were separated into bulbs, roots, flowers and stems. The collected materials were frozen in liquid nitrogen and then powdered using a mortar. The ground materials were freeze-dried for 48 h at -50°C and at about 0 KPa by an EDWARDS 5 Pascal LIO-5PDGT freeze-dryer and then stored at -20°C.
About 2000-2500 fully blooming flowers with 20 cm stems (500 -650 g) were picked in the early morning during the May campaigns. The samples were preserved at 4°C in closed plastic tanks in a nitrogen atmosphere and extractions were performed the day after collection. Before each extraction the fresh flowers were manually reduced to small pieces of about 0.2 cm size.
Essential oil extraction:
With the aim of evaluating the distribution of the allergenic compounds in different parts of the flower, tepals were separated from coronas (Figure 1 ). About 1 g of fresh flowers, corona and tepals were extracted separately in 10 mL of n-hexane for 3 h at room temperature under agitation. Then the solvent was evaporated under reduced pressure using a rotary evaporator and each extract was transferred with n-hexane to a volumetric flask, diluted to volume and analysed. To determine the yield of essential oils, 85 g of fresh flowers were extracted with 850 mL n-hexane and the concrete obtained (absolute and waxes). The hexane was removed by evaporation and the concrete was treated with ethanol cooled at -18°C to precipitate waxes. In order to improve the separation of waxes from the absolute, the mixture was centrifuged at 1500 x g for 30 min using a refrigerated centrifuge cooled at -15°C. The difference in weight between the concrete and waxes determined the absolute.
Galantamine extraction: Fifty mg of bulbs, roots, flowers and stems were transferred to a 1.5 mL Eppendorf tube with 1 mL of methanol adjusted to pH 4 with 25% ammonia solution. Each sample (3 samples were prepared for each vegetable matrix) was macerated with methanol for 24 h by sonication for 30 min every 8 h in an ultrasonic bath at room temperature. After maceration, extracts were centrifuged at 7800 x g for 10 min., and supernatants analysed [17] . The same extraction procedure was applied using ethanol instead of methanol, to assess the use of a less toxic solvent. The supernatant was added to 10 mL of NaHCO 3 0.1M, and then galantamine was extracted with 2 mL CH 2 Cl 2 . The organic phase was dehydrated using Na 2 SO 4 and concentrated under a gentle stream of nitrogen to 0.5 mL.
GC-MS analyses:
Analyses were performed with a GC-MS-Thermo TraceMS spectrometer using a 60 m long capillary column with an internal diameter of 0.25 mm; the bonded phase was methyl-5% phenylsilane of thickness equal to 0.25 mm (column DB-5 MS, J & W Scientific). The detector was a selection quadrupole mass with electron impact ionization 70 eV, used in scanning (550-50). The operating conditions were: carrier gas helium N55, flow 1 mL min -1 ; volume injected 1 mL. Injector: splitless (60 sec) at 250°C; transfer line: 320°C; temperature program: 60°C for 1 min., ramp of 30°C min -1 up to 100°C held for 1 min., ramp of 3°C min -1 up to 300°C. The instrument was equipped with a NIST software library for the recognition of the mass spectra of the considered analytes. All experiments were carried out in triplicate and on at least 2 separate occasions.
In vitro culture: Bulbs of N. poeticus were gathered from flowering plants during the spring. The samples without papery scales and roots were washed with soap, rinsed with tap water and then disinfected according to the following scheme: Tween 20 for 15 min then washed several times with sterilized distilled water; 70% ethanol (3 min), followed by 10% commercial bleach (30 min), and finally rinsed several times with sterile distilled water. Bulbs were then vertically cut through two-thirds of their height (leaving onethird of its basal part intact). From each bulb two-thirds of the apical portion was removed, as well as the two external scales; a thin layer of the basal plate was also discarded. The remaining portion of the bulb was longitudinally divided to obtain explants formed by segments of twin-scales and a thick segment (2-3 mm) of the basal plate tissue. Twin-scales were used as primary explants cultured on a modified Murashige and Skoog medium with 2% sucrose supplemented with different growth regulators {benzylaminopurine (BAP) and naphthalene acetic acid (NAA)} at different concentrations [18] [19] [20] . The media were solidified with 0.6% agar at pH 5.7 and autoclaved at 121°C (0.1 MPa) (Supplementary data 4) . The explants were placed vertically into the culture media with the basal plate tissue inserted into the medium [21] [22] [23] . For each culture medium 80 explants were used. About 42 bulbs were used for shoot initiation; from each bulb an average of 8-10 explants were obtained, which were divided into the media. All cultures were incubated in a growth chamber at 22°C with neon Osram L30/41 lamps and a photoperiod of 14 h.
Statistical analysis:
The STATISTICA 8 package (Statsoft) was used. Two samples of galantamine were assessed: one sample extracted with methanol and the other with ethanol. Each sample was achieved from plant organs (bulbs, stems plus leaves, roots, flowers) in 3 phenological stages (before blooming, during blooming and after blooming) for a total of 30 cases. Means and standard deviations of data from the 2 samples are shown in box plots (supplementary data 1). In order to evaluate differences between the 2 samples the t-test (Supplementary data 2) was used, followed by homoscedasticity and normality of the distributions (Shapiro-Wilk test, Supplementary data 2). Finally, the differences between the means were assessed by the Wilcoxon non-parametric test (Supplementary data 3).
